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Abstract  
With the strategy requirements of low-carbon and energy-saving, the appropriate auto-control methods become more 
and more important. Aiming to monitor the thermal characters of the heat exchange station in the real time, the 
investigation framework in this paper presents an integral solution. We incorporate wireless data gathering from 
different heat exchange station, sending data to the service through the Internet and managing by sever.Net. We 
exploit formalization software by three-layer Browser-Server structure to regulate how thermal characters data 
should be gathered, communicated among concerned parties and interpreted to server/Date Base in decision-making. 
Meanwhile, the communication among the nodes that form the distributed system is implemented by means of the 
utilization of wireless networks, and secondary data transmission services (GSM or GPRS) provided by a mobile 
telephone operator. This monitoring system has been running in good condition and stable operation with lower fault 
rate and higher credibility data. This system, once fully deployed, can significantly reduce human labor and provide 
real-time data monitoring to achieve the propose of energy conservation and emission reduction. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction
Today, Central heating means is widely used in winter in north China. While the thermal-power plant 
always sends hot water to the heat exchange station in each residential area or enterprises through the city 
high temperature heat-supply pipeline. In heat exchange station, the hot water in heat pipe (hereinafter 
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referred to as the primary heat supply pipe network) and the bedroom radiators (hereinafter referred to as 
the secondary heat supply pipe network) exchange the heat through the heat exchange. After that, then 
the hot water in the secondary heat supply pipe network flows into the bedroom. In the above process, 
heat dispatching need to lead a real-time monitoring about the parameters such as temperature, pressure, 
flow and liquid level in different geographic position heat exchange station which is scattered, controlling 
the operation of each equipment in the heat exchange station. Meanwhile, the departments adjust the 
running condition on the thermal power plant and ensure the stable operation of the whole heating in 
winter according to the operation parameters from each heat exchange station. 
The operation management of China's current thermal plant is still in manual operation stage, which 
influences the full play of the centralized heat-supply superiority. It mainly reflects in: First, that a lack of 
comprehensive parameter measurement method makes it unable to analyze and judge the operating 
condition in the generally. Secondly, it is hard to remove the imbalance in system running condition, 
which causes users’ on-uniform heating. Thirdly, heating parameters are not in the best running condition 
and heating supplying does not match with the heating wanted. The last, it is difficult to realize 
quantitative management because of lacking operating data. As we all know, to conduct urban 
concentrated heating projects, we must improve heating technology level.     
Fig. 1 GPRS date transmission method 
Therefore, what inspire us is that the GPRS wireless network automatic monitoring and controlling 
system, which can realize the acquisition of the heat exchange station site parameters and the real-time 
communication and control between the departments and each heat exchange station, can solve the above 
shortcomings perfectly, can effectively increase the automatic control level of the heating systems, and 
can also greatly improve the management level of heating profession. It plays a very important role for 
automatic control in heating projects to ensure high quality heating systems, safe operation, energy-
saving and environmental protection[1][2]. 
2. The Gprs Communication 
2.1. The Remote Communication Methods 
The heat exchange stations are scattered distribution and far away from thermal-power plant. As a 
result, it is necessary to build a good communication mode which lays a foundation for monitoring 
system. In the intelligent monitoring system of communication, the transmission ways which are mainly 
used include digital radio stations, GSM short message, optical fiber access and GPRS communication 
etc. The digital radio station, which is easily influenced by topography and climate, costs only annual 
frequency fee at ordinary time’s running without additional cost. Previously, some heat exchange stations 
make use of this communication mode to monitor the thermal characters. In recent years, the operational 
results show that with the increasing of high buildings surrounding waterworks, communication quality 
and stability decline and lead the system to lower reliability, poorer real-time and worse action positively. 
Meanwhile, the GSM short message method can make up it, but it is reported by the charge, higher 
running cost and will delay in a long time when message center server is busy. For optical fiber 
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communication, which is stable and reliable, has defects such as high cost, poor scalability, and complex 
equipment maintenance. While GPRS communication can avoid those problems above effectually, whose 
working method is shown in Fig. 1. 
2.2. The Operating Principle of GPRS
General Packet Radio Service is called GPRS for short, which is a new bearing business based on 
existing GSM system, aims for the GMS users with grouping forms of data business, using the same with 
GSM wireless modulation standards, using the same frequency band, the same sudden structure, the same 
frequency hopping rules and the same TDMA frame structure, is similar to the current circuit-switched 
voice business channel. Therefore, the existing base station subsystem (BSS) can provide comprehensive 
GPRS covered from the start. GPRS allows users to send and receive data in end-to-end packet transfer 
mode. Without the need to use circuit switching mode of network resources, so where telecommunication 
business can be covered, where can be achieved on the monitoring data of wireless packet transmission. 
This technology is especially suitable for sampling data transfer from heat exchange stations which have 
intermittent, sudden and frequent problem and small amounts of data transmission. Its bandwidth can 
reach 171.2 Kbit/s, actual application bandwidth at about 40-100Kbit/s in this way, providing TCP/IP 
connections, and can be used in INTERNET connection, data transfer applications[3]. Resources are 
effective utilization, and data transfer rate is as high as 160Kbps[4]. Using GPRS technologies realize 
data packet sending and receiving, which makes users can always online and accord to flow in charge, 
also make it possible for reducing the cost of service. 
Fig. 2 Structure of GPRS data terminal unit 
3. Monitoring System Structure 
3.1. The Components of Monitoring System 
The heat exchange stations monitoring system is composed of the thermodynamical sensors, such as 
temperature, pressure or flow rate, data acquisition cell and GPRS data remote transmission modules. 
Data acquisition terminal is installed in the heat exchange stations, whose one end is connected with 
thermodynamical sensors to analysis, store and summarize the data. The other end sends data to GPRS 
DTU communication module through the RS-232 serial communication module. And GPRS DTU 
communication module can complete the mission that sending the data to water monitoring center 
through GPRS wireless network. 
3.2. The DTU 
At present, GPRS Data Terminal Unit (DTU) adopts basically Single Chip Micyoco(SCM) or PLC 
combination scheme. DTU is responsible for connecting GPRS networks and completing information’s 
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delivery whose internal structure as shown in Fig.2[3]. SIM card should be inserted during working. If 
the data acquisition terminal just has simple program operation such as data acquisition, and put into use 
without modification, then it can reduce costs when choose SCM form simplify structure. At this time, all 
of output are 4 ~ 20 mA current, hence the data must pass A/D conversion of digital information before 
sending into SCM, so that DTU sends its data. Compared with this scheme, adopting PLC connection 
scheme will have a higher reliability in hardware. In addition, if pumping or other performer need to 
controlling, or liquid level, pressure and flow also need to send at the same time, the PLC should be 
chosen as the lower level controller. 
Fig. 3  Flow chart of DTU 
Finally, when DTU communication module receives the data from PLC or SCM, it will send the data 
to the web server who has the pre-set data center and the fixed IP address, through port mapping 
forwarding to data center server. The progress on GPRS DTU sending data is as following: data is sent 
by GPRS networks of China mobile, then through the Internet, server will receive all date by ADSL in 
the data control center at last. GPRS communication is responsible for applying data transmission, once 
the system begin to operate, GPRS communication tasks start to login Internet through AT instructions. 
Due to the TCP/IP protocol stock in G20 module, it is relatively easy to login Internet, then GPRS 
communication has finished establishing a task from terminal equipment to the server transparent 
communication link, thereby achieving data interaction quickly. The communication process is as shown 
in Fig.3. Now as the data center server, computer must be fixed IP network terminal, so by LAN 
distribution IP or dynamic IP, users generally cannot be used for data acceptance. However, some users 
can accept data through the way of dynamic DNS or erection proxy server, the actual operation shows 
that failure rate and misstatement rate is higher. 
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4. Development on Heat Exchange Station Operation and Monitoring Center System 
Monitoring thermal characters in heat exchange stations is mainly monitoring the running state or 
changing process. Therefore, monitoring center system checks messages automatically and circularly 
from each heat exchange station node, which are sent through GPRS network and ADSL Modem, and 
receives the PLC data from different stations. After a series of handling, the data will be saved in SQL 
database, and monitoring platform is responsible for integrating the Web GIS with date base to perform 
the task of displaying Data, storage and analysis. Finally, based on Microsoft ASP (Active Sever the 
asp.net Web), Web Pages are developed for external user access. Meanwhile this action is finished on 
WWW server. The whole on-line monitoring system is based on Web, that is to say, it is a distributed 
application system whose structure is based on the service model.  
Fig. 4 Three-layer B/S structure 
4.1. Design of software 
The development of software design is based on the three-layer B-S network structure model. B-S, 
which is Browser-Server namely, is an upgrade or improvement structure compared with client-server 
(C-S) and it is developing with the prosperity of the Internet technology. Three Layers B-S structure puts 
application functions into display layer, business layer, data layer in the logic, as shown in Fig.4. 
The display layer provides customers with application service and graphical interface, helps users 
understand and acquire a efficient positioning application service. Data layer is at the bottom of three 
layer mode, and it is used to define, maintenance, access and update data, also used to management and 
satisfy the request of data application service. Business layer is a special or additional layer compared 
with two-layer C/S structure. It encapsulates all application models which are associated with the system, 
and separates the display layer and data layer and prompts the separation of logic, business logic and 
database memory access. In conclusion, B-S structure has many advantages such as easy to access, 
maintaining and upgrading mode simply, good flexibility and expansibility. 
4.2. The Running Method of the System 
The network structure of the whole monitoring system is shown in Fig.5.For thermal characters remote 
monitoring terminal, it is responsible for the real-time monitoring, signal transmission and dynamic 
transmission, and the user can access Internet by terminal equipment to monitor each heat exchange 
stations’ running condition at any place.
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Fig. 5 Thermal characters monitoring System network chart 
The monitoring center includes Web server, application server and data server. Web server manages 
the data transfer between tracking browsers and application server via TCP/IP protocol. The application 
server provides communications services and database access control services, telecommunications 
service is responsible for receiving the data from on-line thermal characters monitoring equipment in heat 
exchange stations by GPRS networks. Meanwhile, it can perform analytical and storage treatment. Data 
access control service is responsible for managing the business logic control of the client database. The 
database server, which includes points runtime, foundation base, the standard library and historical 
library four parts, is used to achieve the monitoring data storage and management of thermal characters. 
Its content includes decentralizing geographic information spatial data, the data’s attribute of thermal 
characters in heat exchange stations and the history of thermal characters. Due to the design of B-S three-
layer structure and integrating Web GIS, cross-platform operation on the Internet, special network or 
LAN, the users can realize space data query, attribute data query, multimedia information query, making 
special charts through network. Furthermore, it also can perform kinds of spatial retrieval and spatial 
analysis, which makes users can more intuitive, convenient to manage the thermal characters monitoring 
data.  
In addition, in dispatching center network, the network server connects with Management Information 
System (MIS) network of the whole plant, which is responsible for sending various kinds of operation 
parameters to MIS network, finishing the data analysis and data mining about the higher level 
corresponding MIS software and other functions, the mode greatly improves the operation performance 
of network. Here, the data interface of the web server and MIS nets data server is chosen configuration 
software to lead a secondary development. The design of software operating screen can use the main 
menu forms, it switch by button in every picture, meanwhile, the screen should include heating flow 
screen, parameter display and control picture, alarm screen etc. According to the need of monitoring, 
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observation and maintenance, button has been set in each picture, and with the mouse to click the button, 
we can enter relevant pictures. In the main menu screen, it includes each picture button, operation 
personnel can enter each picture for monitoring and operation according to the actual needs of 
maintenance system. However, the key parameters are changed by graded license system. If operators 
have no access to visit, the system will refuse to run. In the developing of the energy conservation 
monitoring center, database development and saving energy control algorithm is the core. Saving energy 
control algorithm software operates in the monitoring center PC and sends saving energy control 
instruction to PLC controller through GPRS. 
4.3. The Description of System Process Control 
In the scheme, the PLC adopted in the heat exchanger station can complete the following functions: 
the collection of the temperature, pressure, flow, liquid level signal; the control of each regulator on-
site ;and the control and operation monitoring of on-site motor, inverter. In heat exchanger station, it can 
control all kinds of equipment operate stable through the touch screen to complete human-machine 
interaction simply. Meanwhile, to the regulator and all kinds of motor control, we design three ways, they 
are local control, touch screen control and remote control center control. 
1) According to the meteorological temperature and the average temperature of the supply and return 
water in the secondary heat supply pipe network, it can regulate the electric regulator on the water supply 
or the backwater pipe in the primary heat supply pipe network, then it can change the flow, which flows 
into the heat exchanger in the primary heat supply pipe network, also, it can ensure the heating quantity 
to the secondary heat supply pipe network. 
2) According to the outdoor meteorological temperature, the supply and return water temperature of 
the secondary heat supply pipe network, supply and return water pressure, they can adjust the frequency 
of circulating pumps by running frequency, then change the operation flow of the secondary heat supply 
pipe network. (At present, the scheme is adopted in the heat exchanger station, whose circulating water 
pump is controlled by frequency conversation).
3) According to the comparative deviation between constant pressure point of measured pressure value 
and setting pressure value, they can change the frequency of water supply pump by running frequency to 
ensure the constant pressure of the constant pressure points.
4) Among them, the outdoor meteorological data is sent to the reconstruction to the automatic control 
after weighted average according to new units outdoor temperature and settled by center . 
5. Conclusion
This plan has realized centralized monitoring and control about the operation parameters in the heat 
exchange station. Compared with those of traditional management, remote monitoring system can save 
large amount of manpower and material resources and parts of heat exchanger station has achieved 
unattended, also can lower the cost of production and management cost , reduce human error, avoid 
disputes, make metrology management fast, high reliability. Thereby, the plan improves the 
thermoelectric enterprise automation management level, and improves the economic efficiency of 
enterprises. Compared with using traditional radio stations, the scheme has better anti-interference 
(especially in cities), the data transmission safety. We believe that this remote monitoring scheme will be 
widely used in some wireless remote data monitoring, such as in urban pipeline, piping, petroleum, 
earthquake detection, and power, which can change our control and monitoring way. 
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